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PHARMACEUTICAL FORMULATIONS 

FIELD OF THE INVENTION 

The present invention relates to stable aqueous pharmaceu 
tical formulations of proteins. In particular, the present inven 
tion relates to aqueous pharmaceutical formulations of pro 
teins With destabilizing amounts of preservatives and 
stabilizing amounts of osmolytes that counteract the destabi 
liZation caused by the preservative. 

BACKGROUND OF THE INVENTION 

Pharmaceutically active proteins are frequently formulated 
in aqueous solutions, particularly for parenteral injection. 
The pharmaceutical composition may be sold commercially 
in a ready-to-use solution form or may be provided in a 
lyophiliZed form that is reconstituted With an aqueous solu 
tion. For products that need to be administered in multiple 
doses, it is bene?cial to be able to WithdraW several doses 
from a single vial, i.e., providing the product as a multi-dose 
product rather than a single-dose product. Multi-dose prod 
ucts usually must include an antimicrobial preservative that 
kills or inhibits the groWth of any microbes Which may inad 
ver‘tently be introduced into the container. The presence of the 
preservative thus prevents microbial groWth and subsequent 
administration of such microbes to the patient. 

HoWever, many preservatives, especially those containing 
aromatic functional groups, have been found to destabiliZe 
the tertiary structure of active proteins. The consequent dena 
turation, or a breakdown of a protein’s tertiary structure, can 
result in unfolded or improperly folded inactive protein. This 
frequently manifests as degradation, precipitation and/or 
aggregation of the protein, effects that are commercially 
undesirable. At its most extreme, the degraded or aggregated 
protein can cause an immunogenic response. 

Thus, there remains a need for improved formulations of 
proteins that contain preservatives. In particular, there is a 
need for an aqueous pharmaceutical formulation that exhibits 
improved stability in the presence of a destabiliZing preser 
vative. 

SUMMARY OF THE INVENTION 

The present invention is directed toWard methods of stabi 
liZing a pharmaceutical formulation by combining an 
osmolyte, preservative, and therapeutic or pharmaceutically 
active protein in an aqueous solution. The present invention is 
further directed toWard stable pharmaceutical formulations 
produced by this process, Wherein the formulations contain 
biologically active polypeptides, destabiliZing concentra 
tions of preservatives and stabiliZing concentrations of 
osmolytes. A variety of pharmaceutically active proteins are 
contemplated for use in the formulations of the invention, 
including antibodies and other non-antibody proteins. Exem 
plary antibodies include antibodies that bind to Her2 or 
CD20. Exemplary proteins include human erythropoietin 
(SEQ. ID NO.: 2) or biologically active variants, derivatives, 
or analogs thereof, including chemically modi?ed derivatives 
of such proteins or analogs. Amino acids 28 through 192 of 
SEQ. ID NO: 2 constitute the mature protein. One preferred 
polypeptide is Darbepoetin (SEQ. ID NO: 1). Amino acids 1 
through 164 of SEQ. ID NO: 1 constitutes the mature protein. 
Also preferred are analogs of erythropoietin (SEQ. ID NO.: 
2) or Darbepoetin (SEQ. ID NO: 1), With 65%, 70%, 75%, 
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98%, or 99% homology to SEQ. ID NO: 2 or SEQ. ID NO: 1, 
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2 
respectively, and still retaining activity to stimulate erythro 
poiesis as demonstrated in an in vivo assay, for example, the 
exhypoxic polycythermic mouse assay. See, e.g., Cotes and 
Bangham, Nature, 191 : 1065 (1961). 

Thus, in one embodiment the invention provides stable 
pharmaceutical formulations containing a biologically active 
protein, a destabiliZing concentration of a preservative and a 
concentration of osmolyte from about 0.35 to about 6M that 
provides a stabiliZing effect on the protein. Also contem 
plated is a concentration of osmolyte of about 0.20 to about 
6M. Preferably the stabiliZing effect results in a shelf life at 
2-80 C. (refrigerator temperature) of at least tWo months, or at 
least 3, 6, 9, 12, 18 or 24 months. According to the invention, 
a single osmolyte or a combination of multiple osmolytes 
may be used. In some embodiments, the concentration of 
destabiliZing preservative present in the formulation is from 
about 0.001 M to about 0.15 M. Preferably the formulation 
contains a preservative, or combination of preservatives, that 
exhibits the least destabiliZing effect. Preferred destabiliZing 
preservatives include benZyl alcohol and benZalkonium chlo 
ride. Exemplary osmolytes include glycerol, sorbitol, sar 
cosine, glycine, proline, sucrose, betaine, taurine, or trim 
ethylamine N-oxide (TMAO), or mixtures thereof. 

In speci?c embodiments, the invention provides a stable 
pharmaceutical formulation of Darbepoetin (SEQ. ID NO: 1), 
a destabiliZing concentration of preservative, and a concen 
tration of osmolyte from about 0.35 to about 6M that provides 
a stabiliZing effect on the protein. Also contemplated is a 
concentration of osmolyte of about 0.20 to about 6 M. Pre 
ferred preservatives include benZyl alcohol and benZalko 
nium chloride. Preferred osmolytes include glycerol, glycine, 
betaine, taurine, proline or TMAO, or mixtures thereof. In 
some embodiments, the osmolyte is a loW molecular Weight 
organic compound, Wherein its molecular Weight is less than 
1000 but greater than 76 Da. In certain embodiments, the 
osmolyte is less than 750 Da, less than 500 Da, or less than 
300 Da. 

In other speci?c embodiments, the invention provides a 
stable pharmaceutical formulation of an antibody, a destabi 
liZing concentration of preservative, and a concentration of 
osmolyte from about 0.35 to about 6M that provides a stabi 
liZing effect on the antibody. Also contemplated is a concen 
tration of osmolyte of about 0.20 to about 6 M. Exemplary 
antibodies include antibodies that bind to CD20 or Her2. 
Preferred preservatives include benZyl alcohol and benZalko 
nium chloride. Preferred osmolytes include glycerol, glycine, 
sarcosine, betaine, taurine, sucrose, or sorbitol or mixtures 
thereof. Also preferred in antibody formulations is the 
osmolyte trimethylamine N-oxide, When the pH of formula 
tion is greater than 6.0. 
One embodiment of the present invention provides stable 

aqueous pharmaceutical formulations of Darbepoetin (SEQ. 
ID NO: 1) that include benZalkonium chloride and glycerol. 
Exemplary formulations include protein at a concentration 
ranging from about 0.1 mg/mL to about 180 mg/mL, about 
0.3 mg/mL to about 150 mg/mL, or about 0.5 mg/mL to about 
3 mg/mL; benZalkonium chloride at a concentration of up to 
about 0.02 M, or ranging from about 0.005 to about 0.02 M, 
or ranging from about 0.005 to about 0.1M, and glycerol at a 
concentration ranging from about 2.5 to about 6 M, or about 
5 to about 5.7 M. In one embodiment, the formulation 
includes Darbepoetin (SEQ. ID NO: 1) at a concentration 
ranging from about 0.5 to about 3 mg/mL, benZalkonium 
chloride at a concentration ranging from about 0.005 to about 
0.01 M, and glycerol at a concentration ranging from about 5 
to about 5.7 M. 




























